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(-)-[[4-(1,4,5 f 6-TETRAHYDRO-4-METHYL-6-OXO-3-PYRIDAZINYL)PHENYLJ- 
HYDRAZONOJPROPANEDINITRILE 



The present invention relates to the pure (-) enantiomer of [[4-(1 ,4,5,6- 

tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]propanedinitrile of 
formula 

CH 3 

NC I \==/ V N H 

The invention also relates to salts, compositions and a process for the 
preparation of this enantiomer as well as to new intermediates of this process. 

The compound according to the invention is useful as cardiotonic agent, 
antihypertensive and vasodilator for the treatment of congestive heart failure. 

The racemic mixture of [[4-(1 ,4,5,6-tetrahydro-4-methyl-6-oxo-3- 
pyridazinyl)phenylJhydrazono]propanedinitrile (I) with melting point of 258- 
263°C has been described earlier in applicant's patent application GB 
2228004. It was shown that the compound (I) is potent in the treatment of 
congestive heart failure and has significant calcium dependent binding to 
troponin. Our further studies have now unexpectedly revealed that the 
cardiotonic potency is predominantly due to the optically active (-) enantiomer 
of this compound. Furthermore it was found that the water solubility of the (-) 
enantiomer is over 30 fold compared to the racemate. The bioavailability of the 
(-) enantiomer was also found to be superior compared to racemate. Therefore 
the pure (-) enantiomer is especially suitable over the racemic compound to be 
used as a medicament for treating congestive heart failure. 

The (+) and (-) enantiomers of [[4-(1,4,5,6-tetrahydro-4-methyl-6-oxo-3- 
pyridazinyl)phenyl]hydrazono]propanedinitrile (I) can be separated by passage 
of the racemic compound over a chiral phase chromatography column. 
However, this method is tedious if larger amounts of material is needed. 

Another possibility to obtain the pure enantiomers of compound (I) is the 
use of corresponding optically active enantiomers of 6-(4-aminophenyl)-5- 
methylpyridazin-3(2H)one as an intermediate. The racemic 6-(4-amino- 
phenyl)-5-methyl-pyridazin-3(2H)one of formula (II) 
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can be synthesized by methods known in the literature (J. Med. Chem., 1Z, 
5 273-281 (1 974)). The resolution of the racemic compound (II) has, however, 
been proved very difficult because the 4-amino group in the molecule is weakly 
basic. The salts of 6-(4-amino-phenyl)-5-methylpyridazin-3(2H)one with 
optically active acids hydrolyse on crystallization readily back to the compound 
(II) and to the resolving compound which interfere the resolution procedure or 
1 0 make it totally impossible. 

The separation of the pure enantiomers of compound (II) on a chiral 
HPLOcolumn has been described in European patent application EP 208518. 
This method is, however, not applicable for industrial scale. An enantio- 
selective seven step synthesis of (-)-6-(4-aminophenyl)-5-methylpyridazin- 
1 5 3(2H)one starting from (+)-2-chloropropionic acid has also been described in 
the literature (J. Org.Chem., 56, 1963 (1991)). The total yield in this method is 
only 12 % giving (-)-6-(4-aminophenyl)-5-methylpyridazin-3(2H)one with an 
optical purity of 97.2 %. 

It was now found that good enantiomeric separation of compound (II) 
2 0 could be obtained by using L- or D-tartaric acid in excess, preferably about 2 to 
about 3 equivalents, to the compound (II) in 2-propanol. The acid salts of (-)-6- 
(4-aminophenyl)-5-methylpyridazin-3(2H)one with L-tartaric acid 2-propanol 
solvate (lllb) or corresponding (+)-6-(4-aminophenyl)-5-methylpyridazin- 
3(2H)one with D-tartaric acid 2-propanol solvate (Ilia) crystallize in good yield 
2 5 and in practical optical purity. 



(+) [h 2 n 



(-) [ h 2 n 




0 x L-tartaric acid x 2-propanol solvate J IHa 



0 x L-tartaric acid x 2-propanol solvate ] Hlb 



N— NH 



30 



It was further found that the minor component in a partly enriched 
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enantiomer mixture may be crystallized out as racemic compound (II) from 
dioxane leaving the rest of the major component in the solution, thus the salts 
(Ilia) or (lllb) obtained in the crystallization mentioned above were filtered and 
the free base was liberated with potassium carbonate solution and the product 
were treated with dioxane. Both enantiomers of (I) are thus obtained by this two 
phase crystallization procedure in high optical purity of over 99 %. The yield in 
this process is also very good, because the rasemic compound (I) is obtained 
from dioxane in crystalline state and may be recycled. Both resolving 
compounds L- or D-tartaric may be alternatively used in the above process, but 
the natural L-tartaric acid is preferable because it is much cheaper. 

The optically substantially pure (-) and (+) enantiomers of the compound 
(I) may then be prepared from the corresponding optically substantially pure (-) 
and (+) enantiomer of compound (II), respectively, by the usual process 
disclosed in applicant's patent application GB 2228004, in high optical purity 
and in nearly quantitative yields. The process described in GB 2228004 for 
preparing the compound (I) comprises treating the compound of formula (II) 
with sodium nitrite and maJononitrile in acidic conditions. The term "optically 
substantially pure" means here optical purity over about 90 %, preferably over 
95 % and more preferably over 99 %. 

Salts of the enantiomers of compound (I) may be prepared by known 
methods. Pharmaceutically acceptable salts are useful as active medicaments, 
however, preferred are the salts with alkali or alkaline earth metals. 



TABLE 1. 

The water solubility of (-) enantiomer and racemic mixture of [[4-(1 ,4,5,6- 



Solubility 




:-pyridazinyl)phenylJhydrazonolpropanedi- 
3 buffer (pH 2). 



Compound 



Solubility (mg/ml) 



(-) enantiomer 



0.029 



racemic 



0.0007 
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Cardiotonic action 

Cardiotonic action of the (-) and (+) enantiomers of [[4-(1 ,4,5, 6-tetra- 
hydro-4-methyl-6<>xo-3-pyridazinyl)p^enyl]hy (I) was 

studied in isolated, electrically paced, right ventricular papillary muscle of 
guinea-pig. Experiments were carried out in normal Tyrode's bath solution as 
described by Otani et al M Japan. J. Pharmacol. 45, 425, 1 987. 

The results are presented in Table 2. They show that the (-) enantiomer 
was 47 times more potent than the (+) enantiomer. 

TABLE 2. 

Cardiotonic effects of the (-) and (+) enantiomers of [[4-(1 ,4,5,6-tetra- 
hydro-4-methyl-6-oxo«3-pyridazinyl)phenylJhydrazono]propanedinitrile 
in guinea-pig papillary muscle. 



Enantiomer 


ECgQ, mM 


(-) 


0.06 


(+) 


2.8 



Bioavailability 

Concentration of total [[4-(l,4,5,6-tetrahydro-4-methyl-6-oxo-3- 
pyridazinyl)phenyI]hydrazono]propanedinitriie in dog plasma after single dose 
oral administration of the racemate (1 mg/kg) and (-)-enantiomer (0.5 mg/kg) is 
shown in Figure 1 . Curve A is for the (-)-enantiomer and curve B is for the 
racemic [[4-(1,4 f 5,6-tetrahydro-4-methyl-6-oxo-3-pyrida2inyl)phenyl]hydra- 
zonojpropanedinitrile. The figure shows that when (-)-enantiomer is used 
instead of the racemate less than half dose is needed to produce the same 
plasma concentration level of the total drug substance. 

The pharmaceutical^ active compound according to this invention is 
formulated into dosage forms using the principles known in the art. It is given to 
mammalian organisms, i.e. f humans, a patient as such or in combination with 
suitable pharmaceutical excipients in the form of tablets, dragees, capsules, 
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suppositories, emulsions, suspensions or solutions. The composition according 
to the invention contains an therapeutically effective amount of the pharma- 
ceutically active compound of the invention. The contents of the active 
compound is in the composition from about 0.5 to 100 % per weight. In general, 

5 the compound of the invention may be administered to man in oral doses as 
low as ranging from about 1 to 50 mg per day. Choosing suitable ingredients 
for the composition is a routine for those of ordinary skill in the art. It is evident 
that suitable carriers, solvents, gel forming ingredients, dispersion forming 
ingredients, antioxidants, colours, sweeteners, wetting compounds and other 

0 ingredients normally used in this field of technology may be also used. The 
LD50 value of the (-) enantiomer given intravenously to rats was 57 mg/kg. 

The compositions are formulated depending upon the purpose of the 
medicine, normal uncoated tablets being quite satisfactory. Sometimes it is 
advisable to use coated tablets, i.e. so-called enterotablets, to secure that the 
5 medicine reaches the desired part of the gastrointestinal tract. Dragees and 
capsules may be used too. 



Example 1 



Resolution of racemrc 6-(4-aminophenyl)-5-methylpyridazin-3(2H)one with L- 
tartaric acid. 

(±)-6-(4-aminophenyl).5-methylpyridazin-3(2H)one (203 g, 1 mole) was 
dissolved in 2-propanol (40 dm3) on heating. To this solution (L)-tartaric acid 
(300 g, 2 mole) was gradually added. The mixture was stirred on heating until a 
clear solution was obtained. The solution was cooled slowly to room tempera- 
ture with stirring. After it has been stirred over night at 20"C the crystalline 
product (lllb) was filtered. The wet salt was dissolved in water (1.5 dm3) and 
potassium carbonate solution (190 g K 2 C0 3 in 0.75 dm3 of water) was added 
with stirring. The free base was filtered, washed with water and dried. The 
product (104.6 g) was dissolved in dioxane (0.6 drr>3) on heating and allowed 
to cool to room temperature. The racemic 6-(4-aminophenyl)-5-methyl- 
pyridazin-3(2H)one was filtered (74.6g) and the filtrate was evaporated to 
dryness in vacuo yielding (-)-6-(4-aminophenyl)-5-methylpyridazin-3(2H)one 
as a crystalline solid (23.8 g) with optical purity of 99.5 %, m.p. 207 - 210°C, 
[a] D « -383° (ethanol-water-conc. HCI 17:2:1). 
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The 2-propanol solution containing the (+)-enantiomer together with the 
racemate of compound (I) was evaporated to dryness in vacuo. The residue 
was treated with potassium carbonate solution as described above to give a 
mixture of (+)-enantiomer and racemate (87.3 g) which was dissolved on 
5 heating in dioxane (0.48 dm3). The racemate was filtrated after cooling (48.0 g) 
and the filtrate was evaporated to dryness in vacuo yielding (+)-6-(4-amino- 
phenyl)-5-methylpyridazin-3(2H)one as a crystalline solid (26.1 g) with optical 
purity of 99.5 %, mp. 206 - 209°C, [afe 25 - 4391° (ethanol-water-conc. HCI 
175:1). In total 122.6 g of racemate was recovered. The yield of (-)-enantiomer 
10 of (I) was thus 59.2 % and the yield of (+)-enantiomer of (I) 64.9 %. 

Example 2 

(^-^.(l^^.e-tetrahydro^-methyl-e-oxo-S-pyridazinyOphenylJhydrazono]- 
1 5 propanedinitrile 

The title compound was prepared as described in patent application GB 
2228004 from (+)-6-(4-amino-phenyl)-5-methylpyridazin-3(2H)one. Yield 98 %, 
mp210-214°C , [afo^eSes 0 (tetrahydrofurane-methanol 1:1). 

2 0 Example 3. 

(-)-rj4-(1,4 f 5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydra2ono]- 
propanedinitrile 

The title compound was obtained as described above from (-)-6-(4- 

2 5 aminophenyl)-5-methylpyridazin-3(2H)one. Yield 97 %, mp 210-214°C, [a],/ 5 - 

-566° (tetrahydrofurane-methanol 1:1). 
Example 4. 

3 0 Preparation of pure diastereomeric salt (Ilia) 

508 mg (2.5 mmol) of pure (+)-6-(4-aminophenyl)-5-methylpyridazin- 
3(2H)one obtained in Example 1 was dissolved in 100 ml of 2-propanol. 750 
mg (5.0 mmol) of D-tartaric acid was added and the mixture was heated to 
boiling. On cooling 800 mg of crystalline (+)-6-(4-aminophenyl)5-methyl- 
3 5 pyridazin-3(2H)one D-tartrate mono 2-propanol solvate was obtained, mp. 97- 
105°C. 
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Example 5 

Preparation of pure diastereomeric salt (1Mb) 

The above process was repeated by using (-)-6-(4-amino-phenyl)-5- 
5 methylpyridazin-3(2H)one and L-tartaric acid. Mp. 98-1 06°C. 

Example 6 

Preparation of (-)-6-(4-aminophenyl)-5-methylpyridazin-3(2H)one by resolution 
1 0 of the corresponding racemate with L-tartaric acid. 

(±)-6-(4-aminophenyl)-5-methylpyrida2in-3(2H)one (203 g, 1 mole) was 
dissolved in 2-propanol (10 dm3) on heating. To this solution (L)-tartaric acid 
(300 g, 2 mole) was gradually added. The mixture was stirred on heating until a 
clear solution was obtained and cooled slowly during 3 h to 50°C and stirred 
1 5 further over night at 50°C. The crystalline product was filtered and the; 

procedure described in Example 1 was repeated. The yield of (-)-6-(4-amino- 
phenyl)-5-methylpyridazin-3(2H)one was 30.3 g (97.4 % of the theoretical). The 
optical purity was 99.7 %. in total 140.8 g of the racemate was recovered. 



2 0 The optical purities of the compounds were determined by the high 

performance liquid chromatography. The instrument was a Watere 600 E 
gradient pump with a Waters 991 photodiode array detector and a Waters 700 
Satellite Wisp injector (Millipore Co.) controlled by a NEC Powermate SX Plus 
computer. The enantiomers of 6-(4-aminophenyl)-5-methylpyridazin-3(2H)one 

2 5 were separated by using a sellulose-type chiral column (Chiracel -OJ, 4.6x250 

mm, Daicel Chemical Industries LTD.). The mobile phase consisted of 97 % 2- 
propanol and 3 % hexane. The flow rate was 0.3 ml/min. The enantiomers of 

ff4-(1,4,5,6-tetrahydro-4-methyl-6.oxo-3-pyridazinyl)phenyl]hydrazono]- 
propanedinitrile were separated by using a 8-cyclodextrin column (Cyclobond 

3 0 lb, 4.6x250 mm, Advance Separation Technologies Inc.). The mobile phase 

consisted of 41 % methanol in water buffered to pH 4.0 with 1 % triethyl- 
ammonium acetate. The flow rate was 0.3 ml/min. 



WO 92/12135 



8 



PCT/FI92/00003 



Claims 

1 . (-)-[[4-(1 ,4,5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]- 
hydrazono]propanedinitrile and pharmaceutical^ acceptable salts thereof. 

2. A pharmaceutical composition which comprises a therapeutically 
effective amount of the compound according to claim 1 and a pharmaceutically 
acceptable carrier. 

3. A process for the optical resolution of (±)-6-(4-aminophenyl)-5-rnethyl- 
pyridazin-3(2H)one, which process comprises contacting the mixture of 
enantiomers with L- or D-tartaric acid in 2-propanol, recovering the resulting 
crystalline salt and optionally basifying the salt to form the corresponding free 
base. 

4. A process as claimed in claim 3, wherein the free base is further 
dissolved in dioxane and the filtrate containing the optically active free base is 
recovered. 

5. A process as claimed in claim 3 or 4, wherein the L- or D-tartaric acid is 
used in an amount of from about 2 to about 3 equivalents of acid per equivalent 
of enantiomers. 

6. A process as claimed in claim 3, 4 or 5, wherein the crystalline salt 
comprises diastereomeric intermediate salt of formulae (Ilia) or (lllb) 




7. A process for preparing optically substantially pure (-)-[[4-(1 ,4,5,6- 
tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]propanedinitrile or 
( + ).[[4-(1 f 4 f 5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]- 
propanedinitrile which comprises treating optically substantially pure (-) or (+) 
enantiomer of 6-(4-aminophenyl)-5-methylpyridazin-3(2H)one prepared 
according to any of claims 3-6 with sodium nitrite and malononitrile. 
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8. Diastereomeric intermediate salts of formulae (Ilia) or (lllb) 



(+) [h 2 n 



(-) [h 2 n 




O x L-tartaric acid x 2-propanol solvate J ITJa 



O x L-tartaric acid x 2-propanol solvate J mb 



N— NH 



9. A method for treating congestive heart failure in a mammalian 
organism, said method comprising administering an effective amount to treat 
congestive heart failure of a compound as claimed in claim 1 to a mammalian 
organism in need of such treatment. 
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